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OBJECTIVE: The objective of this study was to elucidate ways in
which the structure and the motions of olfactory antennae affect
how they encounter the concentration distributions in odor plumes.
More specifically we wished to determine how the flow micro-
environment around olfactory appendages, and the odor-encounter
potential of appendages, is affected by (i) the presence and
arrangement of sensory hairs, and (ii) the flicking of the
appendages.

APPROACH: We collaborated with Mimi Koehl at UC Berkeley on this
project to develop odor plumes, in laboratory flow environments,
which contain the same characteristics of those found in lobster
habitats. The flow conditions were determined from analyses of
measurements (made by UC Berkeley) at a variety of coastal
habitats. Detailed measurements, using a combination of laser-
Doppler anemometry, laser-induced fluorescence, and planar laser-
induced fluorescence were made to characterize the odor plumes for
different flow conditions. A model lobster was then placed in the
laboratory flume and we measured the odor concentration
distribution around the olfactory appendage using high-speed video
and laser-induced fluorescence techniques.

ACCOMPLITSHMENTS :

. We have characterized the plume physics for the flow
conditions shown in Table 1. This table also lists the type of
data that is available (on request) from each experiment.

. In collaboration with Mimi Koehl at UCB Berkeley we mounted
a model lobster and measured (using laser-induced fluorescence
techniques with high-speed video) odorant distribution on the
antennules for flicking and non-flicking conditions for
antennules with and without aesthetac and guard hairs. A
typical image (taken from the video sequence) is shown in
Figure 1 for an antennule at the end of a downstroke.

° In collaboration with Paul Moore and Mimi Koehl we performed
experiments where we inserted an IVEC probe in the lobster
antennule (to serve as an aesthetac), and mounted this on the
model lobster in the plume. Unfortunately we could not get the
IVEC probe to work when it was inserted in the antennule. We do
plan to try this again at some later time.

. We have begun to analyze the data from the plume
characterization experiments and the model lobster experiments.
Some of the analysis from the model lobster experiments is
shown in Figure 2.
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Figure 1:

Figure 2:

Punulirus argus (spiny lobster)
antennule at end of downstroke
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Image taken from video sequence showing antennule at the end
of a downstroke in the odorant plume.
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Comparative plot showing the concentration at mid-antennule
as a function of time for a downward flick stroke, a
stationary antennule, and an upward return stroke. The
flicking operation clearly increases the concentration of
odorant at the antennule.
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CONCL.USIONS: The plumes are characterized by long filamentous
structures which are advected by the mean flow and which produce
concentration fluctuations (from an Eulerian viewpoint) of
hundreds of Hertz. Analysis of the data shows that while the peak
rms concentration occurs along the centerline of the plume (in the
horizontal plane) the peak non-dimensionalized (by the local mean
concentration) rms values lie at the edge of the plume. This
suggests that from a plume-tracking point of view it would be
advantageous for an animal to track the "edge" of the plume where
the signal-to-noise ratio is the highest. The presence of hairs
(versus no hairs) on the lobster antennules greatly influences the
duration of time that the odorant is in contact with the antennule
during any flicking operation. Flicking has a substantial affect
on the redistribution of the odorant on the antennule, and as can
be seen in Figure 2 the flicking operation increases the
concentration of odorant at the antennule.

IGNIFI E: By determining how the flow microenvironments and
odorant encounter of olfactory antennules is affected by their
structure and behavior in realistic odor plumes, we are
discovering ways in which the physical design of an antenna
affects how it filters chemical information from the environment.
These basic rules provide insights for the design of man-made
chemical sensors and also reveal how other filamentous biological
devices work that capture molecules or particles from the
surrounding fluid (e.g. gills, filter-feeding appendages).

AWARD TINFORMATION: Koseff was appointed the Senior Associate Dean
of Engineering as of September 1999.
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